The interesting paper outlining the "Principal Features of Cuban Geology" by K. M. Khudoley (1967, this issue) presents a good up-to-date summary of the tectonic frameworli of Cuba and the variation in sedimentary facies found in the Cuban orthogeosyncline. Khudoley's approach to the problems of Cuban geology is similar (o that of several geologists working for oil companies in Cuba during the early and mid-19SOs. Unfortunately, the work of these individuals, in the original form, remains unpublished. Khudoley has done a remarkable job synthesizing the data from the oil-company reports, incorporating new information resulting from his own observations, and presenting a concise expose on an important area of the northern Caribbean region.
The interesting paper outlining the "Principal Features of Cuban Geology" by K. M. Khudoley (1967, this issue ) presents a good up-to-date summary of the tectonic frameworli of Cuba and the variation in sedimentary facies found in the Cuban orthogeosyncline. Khudoley's approach to the problems of Cuban geology is similar (o that of several geologists working for oil companies in Cuba during the early and mid-19SOs. Unfortunately, the work of these individuals, in the original form, remains unpublished. Khudoley has done a remarkable job synthesizing the data from the oil-company reports, incorporating new information resulting from his own observations, and presenting a concise expose on an important area of the northern Caribbean region.
It is natural that controversy develops on many of the basic and fundamental points in an area with such diverse, complex geology and where exposures are relatively poor. A review of the pubhshed literature on Cuba results in a mass of confusion and contradiction. A few of the important basic but controversial points are listed.
1. The nature and age of the basement on which the sediments of the Cuban orthogeo.syncline were deposited.
2. The pre-Albian stratigraphic succession in the Sierra de los Organos of Pinar del Rio Province.
3. Period or periods of orogenic activity. 4. Evidence for extensive overthrusting in central and western Cuba.
Khudoley presents his views on most of these points and also on many other aspects of the geology of Cuba. The four points listed are considered in more detail in this discussion. Where differences of opinion are held with Khudoley's interpretations, data are presented to support an alternate interpretation. 'Manuscript received, January 25, 1967; accepted, February 24, 1967. ^ Great Basins Petroleum Company.
BASEMENT FOR CUH.AN ORTHOGEOSYNCLINE Although Khudoley po.-^tulates that the south side of the Cuban orthogeosyncline originally was adjacent to a large land mass which subsequently was subjected to liasilkation, he does not recognize any of the original ijie-geosynclinal rocks in Cuba. He considers ail DI the metamorphic and igneous rock.s of ('uba lo be of Mesozoir age, presumably no older i han I'larly and Middle Jurassic sediments (Cayi-taiio Formation) which were metamorphosed iluriiig a Nevadan (Late Jurassic)^ orogeny.
The basement for the Cuban orthogeosyncline, which probably vva> well delineated by Early Jurassic time, ha.' -iieen considered by Rigassi (1961) to have tornit-d over an Antillean Variscan chain. Many other workers including Lewis (19, 52) , Schuchen i 19.-!.\i, and Waters and Hedberg (1939) also concluded that late Paleozoic mountain-building occiirreil in the Caribbean region. The interpretation by Rigassi is similar to the conclusions reached after detailed surface mapping by the writer and his colleagues in central and western Cuba during the period 19S0-19S8.
Remnants of the Variscan (Appalachian) chain are considered to be represented by metamorphic and igneous rocks on the island of Cuba in the Sierra de Trinidad of southern Las Villas Province, western Camaguey Province, central Las Villas Province, an<l probably eastern Oriente Province. Metamorjihii rocks also are present on the Isla de Finos, south of the Cuban mainland. The medium-to high-grade metamorphic rocks found as inclusions in the serpentines throughout 'The term Nevadan is used here to connote orogeny of Late Jurassic age; the term Laramide is used to connote orogeny beginning in Late Cretaceous time and ending in Eocene time-The writer does not mean to imply that either orogeny is exactly synchronous with the Nevadan or Laramide orogenies in their type areas Subhe.rcynian is used lo denote mid-Cretaceous (irowTi\ 780 the island of Cuba, and those found in the evaporite diapir at San Adrian, Matanzas Province (Ducloz [1960] and Meyerhoff and Hatten [1967] ), are also believed to be metamorphosed Paleozoic rocks.
In the Sierra de Trinidad the metamorphic series consists of a thick marble sequence overlain by pelitic and quartzo-pelitic schist with small amounts of interbedded calcareous schist. Thiadens (1937) and Hill (1959) have given detailed descriptions of many of these rocks. The metamorphic rocks of Isla de Pinos and eastern Oriente, the latter having been very cursorily studied, are reported to be similar to the Trinidad sequence.
Based on stratigraphic evidence, the age of the Trinidad metamorphic series can be placed as pre-late Albian. On the west side of the Sierra de Trinidad, Rigassi (1961) reported that a series of clastic sediments containing clasts of the Trinidad metamorphic rocks is present, underlying an interbedded tufif and pelagic limestone sequence containing a late Albian-early Cenomanian fauna. I also mapped this area and reached similar conclusions. Khudoley, Schiirmann (1935), and Thiadens (1937) considered the Trinidad and Isla de Pinos metamorphics to be of Jurassic age and correlated them on the basis of petrologic characteristics with the Jurassic Cayetano sediments of western Cuba. The similarity is certainly questionable and this has been pointed out by Rigassi (1961) . An important factor to consider in this correlation is that the pelitic rocks are below the limestones in western Cuba, whereas in the Sierra de Trinidad the pelitic schists are above the marbles. The correlation would require a change of facies or a complete overturning of the section in the Sierra de Trinidad. The latter possibility is not supported by secondary structural features, such as cleavage and minor folds. Such a facies change is possible, but the probability seems unlikely. Furthermore, because paleontological evidence shows that the limestones of western Cuba comprise a continuous sedimentary cycle from latest Jurassic to Aptian, or possibly Albian, it would be impossible to have a Nevadan orogenic cycle followed by the deposition of sediments containing metamorphic clasts below Albian sediments. There is no evidence of Aptian-Albian oi ogenic activity in Cuba.
One other observation made during the course of my field work also suggests that the correlation between the Trinidad metamorphics and the Jurassic Cayetano sedimentary rocks is highly questionable. Between I he village of Manicaragua, Las Villas Province, i entral Cuba, and the northern front of the Sierra de Trinidad, southern Las Villas Province, a fairly wide outcrop belt of well-bedded quartzite and phyllite is present. These rocks are very similar to the Cayetano Formation of western Cuba and, although they are in close proximity to the central Cuban batholith-like granitoid body, the degree of metamorphism is less than that of the Trinidad metamorphics. It is logical to believe that, if the sequence has undergone deformation and metamorphism during two jseriods of orogenic activity (the Nevadan ani:S Subhercynian), this belt of metamorphics would have at least as high a grade of metamorphism as that of the Sierra de Trinidad sequence witli \vhi(h they are correlated. However, this is nut thi-la.sc.
I have been advised recently by personal communication from A. A. Meyerhoff that recent radiogenic dating by the Cuban Academy of Sciences of rocks from Isla de Pinos and Sierra de Trinidad resulted in ab.solute age determinations indicative ol late Paleozoic. This would indicate a greater age for the original sediments. If this dating can be suljstantiated, the controversy regarding the age nf the nu^tamorphic rocks and the evidence for a Nevadan orogeny would be resolved.
The rocks considered to be basement in western Camagiiey and central Las Villas Provinces have been described by Meyerhoff and Hatten 11967) . The oldest rocks in these areas are mainly basic and magni'sian hornfels, calcareous hornfels, cordierite-actinolite schist, hornblende-plagioclase schist, and metagrayvvacke. Between the villages of San Marcos and I'erea, Las Villas Province, the metamorphic r<Mk> are in contact with a very coarse crystalline irortolite. A probable intrusive contact reiatiimshi]) is indicated by contact metamorphism, as well as by apophyses and sills of the ultrabasic nu k in the metamorphics. Along their southern boundary, the metamorphic rocks have been intrudid by a quartz monzonite which also intrudes th( troctolite and forms a zone of cataclastir .uii! metamorphosed hybrid rock.
The age of the metamorphic and igneous rocks r)iscussiON.s of western Camagiiey and central Las Villas Provinces can be proved to be pre-Neocomian (earliest Cretaceous), because unmetamorphosed fossiliferous sediments containing a fauna including Calpionella oblonga,'^ Nannoconus steinmanni, and N. globulus of Neocomian age lie stratigraphically above lithic arkose, quartz wacke, and quartz siltstone which are depositional on the quartz monzonite. This depositional contact can i)e traced for more than 3 miles in the southeast end of the Jarahueca fenster (Fig. 2) . The presence of these basement rocks of central Cuba was impHed by Khudoley, for he subdivides the Cuban orthogeosyncline into a miogeosyncline and a eugeosyncline separated by a geosynclinal marginal elevation (intra-geosynclinal welt, or median belt), his Las Villas facies-structural zone.
PRE-ALBIAN STRATIGRAPHY OF SIERRA DE LOS ORGANOS, PINAR DEL Rio PROVINCE, WESTERN CUBA
There is no disagreement with Khudoley's stratigraphic interpretation for this area; however, the evidence for a Nevadan orogeny is disputed and the correlation of the Jurassic strata with the metamorphic series above is questioned.
The oldest sedimentary unit in Cuba which can be dated by fossil evidence is the Cayetano Formation, named by DeGolyer (1918) , in Pinar del Rio Province. Krommelbein (19S6) described a Trigonia (Vaugonia) sp. a from a thin silty lens in the Cayetano Formation and considered the species to be of Dogger (Middle Jurassic) age. The Cayetano Formation is a well-bedded series of quartz wacke and phyllitic shale. Many primary sedimentary features, such as cross-bedding, graded bedding, load casts, and intraformational contortion from subaqueous slumping are present throughout the formation. The base of the Cayetano has not been observed and this, together with the extreme deformation to which it has been subjected, makes a thickness determination impossible. A minimum thickness of 5,000 feet has been determined by detailed mapping in Minas de Matahambre (A. Payne, personal commun.). The formation probably has a thickness in excess of 10,000 feet. Hatten and Meyerhoff (1964) described briefly a relatively undisturbed pre-Cretaceous seciuence * All identifications and age determinations of microfossils were made by P. Norton and M, Furrer.
on the southwest flank of Mogote Pan de Azucar, approximately S miles west of the village of Viiiales (Fig. 1 ) , Judoley (Khudoley) and Furrazola-Bermiidez (1965) also described the section at Pan de Azucar in more detail. This locality is one of the few places where the relations between several of the lithologic units of the Jurassic can be observed, and for this reason T describe it here in some detail.
The Cayetano Formation has been much reduced in thiikiu'NS l)y faulting. .'\t the base of the thrust nappe containing the Pan de .\zucar section the Cayetano Formation lies in fault contact with a thin l)an(i of serpentine which occurs l)etween the Cayetano and lower Eocene limestone. The Cayetano Formation grades upward from its tyi)i(al (|uartz wacke and interbedded phyllite tu arenaceous limestone and wellbedded, oolitic, rcrrystallized, coquinoid limestone containing Posidi'nomyis (') and rare Conicospmllina .sp. whii h <irc (onsidered to be of probable Callovian age. 'Thi? unit is the Azucar Limestone of Hatten. 1'I57, and this is the type locality.) The unit is approximately 120 feet thick and grades upward into a dark gray phyllitic shale with a few interbeds of dark gray, very line crystalline limeslont near the middle and at the top. (This is the Jagua Formation, redefined, of Hatten, 1957;  . MC Meyerhoff, 1964 .) Many concretions rich in ammonites, and also containing scarce nautiloids. fish, and vertebrates of late Oxfordian age, are present in the phyllitic shale. This unit is correlated with the Jagua F'ormafion of Palmer (1945) containing the Oxfordian fauna described by Sanchez Roig fl920, 1951), O'Connell (1920). Brown and O'Connell (1922) , and Jaworski (19401 The Jagua F'ormation at Pan de Azucar is approximately 100 feet thick. Resting with apparent lontorniity al)ove the Jagua is the Viiiales Limestone, named by DeGolyer (1918) . .\t the l)a.ve of ihe Viiiales is a thin conglomerate or lueicia of limestone clasts which 1 consider to reflet t a iriild epeirogenic disturbance. The (onglomeratc and breccia occurring at the base of tht: Vinales Limestone have been reported in other siratigraphic sections by Judoley (Khudoley) and F'urrazola-Bermijdez (1965) and also were obser\ed during the course of my work. Just above the conglomerate is the base of a massive, black to medium gray, dolomitized limestone containing abundant Favreina .sp., con- sidered to be crab fecal pellets, and some nondiagnostic arenaceous Foraminifera. At Pan de Azucar only approximately 1,000 feet of Viiiales Limestone is present; the upper part of the formation has been removed by erosion, and a flysch series of Eocene age rests depositionally on the Viriales. The lower part of the Vifiales Limestone may be of Kimmeridgian age, but this can not be substantiated by fossil evidence.
In a stratigraphic section studied in detail in the Valle de Ancon, on the north side of the Sierra de Vifiales, and lying as a separate thrust nappe below that of Pan de Azucar, the massive Viiiales Limestone grades upward into wellbedded, pelagic, sublithographic hmestone with an ammonite fauna of Portlandian-Tithonian age. This lithologic unit is referred to as the Artemisa Limestone by Judoley and Furrazola-Bermudez (1965 The cumulative thickness of the Vifiales Limestone and Artemisa Limestone is considerably more than 3,500 feet, but no continuous section of the entire stratigraphic interval discussed here has been found.
Because the stratigraphic succession in the Sierra de ios Organos is complete, consisting of sediments ranging in age from Dogger (Middle Jurassic) to Albian (late Early Cretaceous) and because there are no unconformities in this sequence of strata, evidence for a Nevadan orogeny certainly is lacking. The only type of tectonic activity suggested in i;he stratigraphic succession in the Sierra de Ios Organos consists of epeirogenic movements, with two mild pulsations causing a deepening nl the seas in Oxfordian and Portlandian to Albian times, OROCEMC ACTIVITY Khudoley considers that orogenic cycles representing the Xeviidan .Subhercynian, and Laramide orogenies have .ittcited the entire island of Cuba. As mentioned prtniously in this discussion, he does not recognize Ihf Variscan (Appalachian) orogeny. Based on ihr iircsence of a local clastic zone at the hasi-ol 'he Viriales Limestone in Pinar del Rio Pnniiuc. Khudoley considers all the metamorphic rocks of Isla de Pinos, Sierra de Trinidad, centra! Cuba, and eastern Oriente Province to be I^owfi ami Middle Jurassic sedimentary rocks which were inttamorphosed by a Nevadan orogeny. 1 seriously question that a Nevadan orogeny took place jn ('uba. This conclusion is based mainly on the absence of an unconformity in the stratigraphic section of western Cuba, a section which ranges in age from Dogger (Middle Jurassic) to Albian i Kariy Cretaceous). The regional low-grade melamorphism of the Cayetano Formation, w'hich S(hu(hert. (1935) and Waters and Hedberg > i'l.i'.n < onsider as evidence for a Nevadan orogiTiy, most likely is the product of load melamorphism lesulling from depth of burial. The complex internal structure observed in the Cayetano l'\)rmation lontrasts with the much less disturbed massive \'inales-Artemisa limestone beds overlying the Cayetano, Rather than considering this phenomenoti (o be the result of a Nevadan orogeny, ii i> more likely that the difference in eompetency between an alternating sequence of thin-bedded sandstone-shale, on one hand, and dense massive limestone, on the other, both of which were mvrilved in extensive overthrusting, is the inain factor causing the difference in degree of deformation.
In general, the entire circum-Gulf of Mexico and northern Caribbean region was not deformed by the Nevadan orogeny, the effects of which are pronounced along I he cireum-Pacific margins of North and South Anieriia. However, tectonic activity of late Paleozoic age is known from the Ajipalai hian area; the Ouachita Mountains of Ai-kansas, Oklahoma, and Texas; southern Mexico; Guatemala; and British Honduras. Paleozoic sediments, with associated rhyolitic tuff and diorite, also have been found in the subsurface on the Peninsular arch of Florida where a major unconformity separates them from the Lovier Cretaceous.
I believe that the metamorphic and igneous rocks found in several of Khudoley's geosynclinal marginal elevations are of Paleozoic age and that they were deformed and metamorphosetl by a Variscan orogeny during late Paleozoic.
The Subhercynian orogeny, of early Late Cretaceous age, is well substantiated in Cuba and the deformation was accompanied by the normal igneous activity usually associated with an orogenic cycle. The effects of the Subhercynian orogeny are best developed in the Zaza facies-structural zone of the eugeosyncline as stated by Khudoley. The Subhercynian orogeny broke up the eugeosyncHne of central Cuba into several basins which were bounded by faults or flexures which later were ruptured by faulting. Batholithic granodiorite was emplaced into the eugeosynclina! prism, causing medium-to high-grade metamorphism. An unconformity in the lower Upper Cretaceous, and the local absence of post-early Turonian to Senonian sediments through much of northern Cuba (the site of the miogeosyncline) and the area north of the Cuban mainland, are evidence thai the Subhercynian orogeny was widespread.
The Laramide (Cuban) orogenic cycle, which commenced during the late Late Cretaceous and reached a culmination in middle Eocene time, was the last violent orogeny to affect Cuba. The orogeny is characterized by intense isoclinal folding and overthrusting associated with the development of classic synorogenic flysch deposits, tear faulting, and wrench faulting, the last having caused very large lateral displacements. The extensive thrust nappes of the Sierra de los Organos were developed during the Laramide orogeny (Rigassi, 1961) . Wassail (1956) considers the large-scale northward overthrusting of the eugeosynclinal series onto the miogeosynclinal sediments to have occurred during the Laramide orogeny. Khudoley doubts the development of large nappes or overthrusts, but considers the juxtaposition of varied facies of the same age to have been caused by disjunctive dislocation. Evidence for nappes and overthrusts is iiresented later in this discussion. OVERTHRUSTING Khudoley subdivides the territory of Cuba into different facies-structural zones or tectonic units, each with its own characteristic lithologic composition. In eentral Cuba, the juxtaposition of stratigraphic unit.^ with radically different facies of the same age is believed by Khudoley to have been caused by great disjunctive dislocations and deep faults. He does not jccognize the role which major overthrustitig |)layed in forming the faciesstructural zones; this i.-a \cry fundamental point of Khudoley's with which 1 disagree. Khudoley also does noi believe thai the structure in his Pinar del Rio jaI:le^-^tn,u sural zone, which includes the Sierra de los t')rganos and Sierra del Rosario, is basically Alpine, but considers disjunctive dislocation-a-the major type of structural development A search into ihe literalure again leaves one confused by the vari(JU^ lonccpts of individual workers. A clear undiustanding of the tectonic style of Cuba is iinjxis^ibh for someone not able to visit Cuba an<l e.xamine the evidence. Probably the most concise struilurai review of Cuba was done by Rigassi |19'>I 1'").'); basically I agree with Rigassi's interpretations, I'Rigassi's structural interpretations havt iieen reviewed by Weyl, 1966 .) Wassail il9Mii, working in Las Villas Province, presents a i,'oo(l argument for extensive thrusting of the eugeosynclinal series over the miogeosynclinal serie>. Kozary (1953 Kozary ( , 1956 ) did extensive work in Camagiiey and Oriente Provinces and demonstraieii Ihe overthrust relationship between the eugeii,-.ynclinal and miogeosynclinal series. Unionunateiy, most of Kozary's detailed mapping wa> never published, but I have had many lengthy di,-( ussions and spent many days in the field with Ko/ary and know that his concepts of Cuban sirucltiral geology basically were of the Alpine si vie Figure 2 include.'-an area of central Cuba where an abrupt . hange takes place between the eugeosynclinal series of rocks and those of the miogeosyncline. These iwo sequences are in part time-equivalent. 1 interpret the contact between the eugeosynclinal and miogeosynclinal sequences to be a major overthrusl fault, the Las Villas fault, as does U'assall i 195'ii. Locally, this fault, either later or at the same time us faulting, was folded isoclinally. The Las Villas ihrust fault is well exposed in the Sierra de Jalihonico area through a distance of i"(i mile-, 'Anen' it is a sinuous, near- 
en
'Si vertical rupture. Between the Sierra de Jatibonieo and Sierra de Cubitas, the Las Villas thrust is covered by the overlapping Tertiary sediments, but the fault contact is reflected clearly by airmagnetometer data. The thrust is interpreted by the writer as having been offset by the regional, left-lateral La Trocha wrench fault, in the area now covered by Tertiary sediments. East of this Tertiary overlap area, the Las Villas thrust emerges from beneath the Tertiary sediments and forms the southern boundary of the Sierra de Cubitas. The rocks of the lower part of (he eugeosyncline which form the base of the I^as Villas thrust can be divided into several units, of which Wassail (1956) recognized four. From the top, these are: (1) gabbro, (2) gabbro and serpentine interlayered, (3) serpentine, and (4) metamorphic and waxy serpentine complex. This layered sequence can be recognized through fairly large parts of south-central Cuba included in the area of Figure 2 . Deformation in the layered complex can be mapped using the same principles as those used in a sedimentary layered sequence.
Along the Las Villas thrust fault the lower units of the eugeosynclinal series are in contact with the rocks of the geosynclinal marginal elevation (the median belt including the basement rocks), the foredeep sedimentary rocks, and the sedimentary rocks of the Remedios facies-structural zone, the last two being part of the miogeosyncline. North of the Las Villas thrust, klippen of serpentine and the metamorphic and waxy serpentine complex overlie rocks of the miogeosyncline. South of the thrust, windows (including the Jarahueca fenster), where erosion has completely removed the thrust sheet, expose long narrowelements of the overridden block. The overridden block contains rocks which are both younger and older than those of the thrust sheet. These phenomena are classic examples of features generally associated with extensive overthrusts and are considered to be strong evidence for overthrusting in central Cuba. The thrusting took place during the Laramide orogeny (early Eocene rocks are overridden) and the horizontal translation is from south to north.
Thrust nappe development has been described by Rigassi (1963) in the Sierra de los Organos which are a component of Khudoley's Pinar del Rio facies-structural zone. Khudoley interprets the faults to be disjunctive dislocations and believes that they are related to deep-seated faulting. There has been much debate regarding the structural style of the Sierra de los Organos and it is unusual to find any two authors in agreement. I am in general agreement with Rigassi's interpretation, and independently recognized the thrust nappe development during the course of a mapping project in lf).=;4 lQ5(i (see Fig. Ill from Flatten, 19.57. re[)r(ulu(cd in Furrazola-Bermtjdez el al, 1964) .
The Sierra de los Organos and the topographically lower area between the main mass of this range and the north roast area have an arcuate shape, convex toward the northwest. From the village of Viiiales northward to the coast, the regional dip changes from 20°--30° north in the Sierra de Viiiales (rentra! Sierra de los Organos) to near-vertical near the icjast. In this distance, the section is rc^peatcd four limes. Except very locally, where drair folds affect the sediments, the primary sedimentary features (including cross-bedding, graded l)eciding, load casts, and flute casts) indicate I he various structural units to be right-side-up; u... the top is toward the northwest. Secondary structural features (including drag folds and cleavage I indicate the units to be overturned. These phenomena also are observed in the extensixe underground shafts and tunnels in the Minas de Matahambre where the wall rock is the Cayetano Fcjrmation.
These structural features have been interpreted by me, and independently by Rigassi (1963) , as rootless thrust najJites directed from south and southeast toward the rior'h and northwest. They are similar to the downward-facing structures of the Highland border ol Scotland, described by Shackleton (I'lSS).
Further evidence ol extensive low-angle overthrusting is found in (he main limestone core of the Sierra de los Organos approximately 5 miles north-northeast of the village of Viiiales. Here, the Cayetano Formation which forms an escarpment south of Viiiales can he traced continuously around the east end of the Valle de Viiiales and forms the lower unit of the nappe of La Abra, just north of Rantho San Vicente. Therefore, in this area, both the root and the downwardfacing leading edge of the (hrust are present and connected. Where the thrust plane wraps around the east end of Valle de Viiiales, the overridden element consisting of the Jagua Formation and Viiiales Limestone can be seen plunging eastward under the Cavetano Formation.
Furthermore, in the main limestone area of the Sierra de los Organos, near-horizontal sheets of Viiiales Limestone rest on steeply dipping Eocene pelagic limestone and flysch. One notable example of this (among many) is at the southwest end of the Sierra de Quemado north of Cabezas on the road to Minas de Matahambre.
Southeast of the limestone area comprising the Sierra de los Organos and northwest of the Pinar fault (see Khudoley, 1967, Fig. 1 ), the area consists mainly of Cayetano Formation with two notable exceptions. The first exception is at San Felipe where a window of Viiiales Limestone is exposed by erosion of the overlying, older Cayetano Formation. There is some evidence that the Vinales Limestone is overturned completely at this locality and that the section dips gently toward the west. The stratigraphic units normally found between the Viiiales and Cayetano formations are not recognized; therefore, there is some question regarding the structural position of the Viiiales Limestone at this locality. The Cayetano definitely surrounds the elliptical patch of Vinales and is at about the same elevation as the Viiiales. Another possible interpretation is that the Cayetano has been thrust over the Vinales and that erosion has exposed the Vinales beneath the lowdipping fault plane.
The second exception is in a steeply southeastdipping belt southeast of San Felipe. The Viiiales in this belt is sheared and recrystallized and is interpreted as being the root zone for the thrust nappes that are isolated on the northwest.
The nappe development in western Cuba involves strata of early Eocene age which underlie the various nappes. This nappe development contributed to the formation of synorogenic flysch deposits which were formed in foredeeps in front of the advancing thrust sheets and eventually were overridden and intensely deformed by the thrust masses. The nappe development occurred during the Laramide (Cuban) orogeny.
